Abstract. Aiming to use the strontium isotopic ratio 87 Sr/ 86 Sr for traceability and authentication of wine, it is crucial to understand the impacts of anthropogenic factor and technological processes on this parameter. In this study the effect of two technologies: nanofiltration (NF), applied for wine dealcoholisation (1), and ageing with oak wood staves (2), on 87 Sr/ 86 Sr ratio of wines from Portuguese Designations of Origin (DO), was assessed. Control wines, NF processed wines and wooden aged wines were evaluated for chemical composition, multi-elemental composition and 87 Sr/ 86 Sr ratio by Q-ICP-MS. Regarding NF experiments, high rejections to mineral elements, including heavy metals, were observed. Bearing in mind the several roles played by these elements in wine, this knowledge is of strategic importance in order to guarantee that NF process does not adversely affect product quality. Concerning wood ageing experiment, results indicate the influence of this technological process on metal physical-chemical stability. In the experimental conditions of this study, no significant effect of NF process and wood ageing on 87 Sr/ 86 Sr ratio was observed, suggesting that the application of these technologies in wine production is not a limitative factor for the use of 87 Sr/ 86 Sr ratio as a geographical origin marker.
Introduction
Closely related to the idea that terroir determines the quality and character of wines, many efforts have been made to identify potential markers and develop reliable analytical methods to determine the wine's geographical origin.
The isotopic ratio 87 Sr/ 86 Sr is a well-established tool for dating and tracing the origin of rocks and minerals [1] with special interest for wine traceability. Several studies on its use for wine geographical origin assessment can be found in literature [2] [3] [4] [5] [6] [7] [8] . Recently, within a research program regarding strategies for wine fingerprinting, the authors confirmed 87 Sr/ 86 Sr as a viable tool for traceability of Portuguese DO, where soils were developed on different geological formations [9, 10] .
The use of this parameter as a marker of wine geographical origin is based on the assumption that a relation between soil, plants and wine exists. Therefore, 87 Sr/ 86 Sr ratio should not be significantly modified during wine processing. Aiming to use 87 Sr/ 86 Sr for traceability and authentication of wine, it is mandatory to clarify the impacts of anthropogenic factors and technological processes on this isotopic ratio. This is a current subject of major importance addressed in this study.
NF is a versatile membrane process, with several applications in wine production where its use is increasing, e.g. for ethanol content modulation but also for reduction of the sugar content in musts, volatile acidity correction a Corresponding author: sofiacatarino@isa.ulisboa.pt and to remove excess of ethyl-phenols [11] . NF effects on wine composition have been assessed, namely on alcoholic strength, total acidity and phenolic composition [12, 13] . Nevertheless, to the best of our knowledge, its influence on mineral composition and wine 87 Sr/ 86 Sr is not known. Wood aging is a traditional practice widely used in wine production. Currently, as alternative to wood barrels, in order to improve the traditional process in conditions that sustain the economic viability of this practice, the use of wood pieces in stainless-steel tanks is widespread. In spite of substantial understanding of the organic extractable compounds, little has been published on metal extraction from wood to wine, and no data about its influence on 87 Sr/ 86 Sr. In spite of a few studies suggesting that 87 Sr/ 86 Sr isotopic ratio remains stable after enological processes [3, 5, 14, 15] , the literature lacks the information on the NF process and wood ageing influence on 87 Sr/ 86 Sr isotopic ratio. The main aim of this study was to uncover the effect of NF and wood ageing by oak staves on strontium 87 Sr/ 86 Sr isotopic ratio. Furthermore, information on the effect of these technologies on mineral composition of wines was obtained.
Materials and methods

Nanofiltration experiments
For NF experiments, three white wines (WW) and three red wines (RW) from the Portuguese DO Dão,Óbidos and Palmela were used. White wines, from 2014 vintage, th World Congress of Vine and Wine NF experiments were carried out at laboratory scale in the unit Celfa P-28 for dealcoholisation of white and red wines (Fig. 1) .
Regarding the NF membrane used, a cellulose acetate membrane was laboratory made and characterized, presenting hydraulic permeability of 0.313 kg/(h.m 2 .bar) and rejection coefficients of 90.3% to NaCl, 95.3% to Na 2 SO 4 , 92.8% to CaSO 4 and 90.3% to glucose. Rejection coefficients (f) to solutes were determined using equation 1, where C f and C p are the concentrations in feed and permeate, respectively:
NF experiments were carried out at a transmembrane pressure of 17 bar and a feed recirculation flow rate of 2.1 L/min. Each NF fraction (initial feed, final feed and permeate) was evaluated through summary analysis and total polysaccharides, total anthocyanins, total phenolic index, multi-elemental composition and 87 Sr/ 86 Sr isotopic ratio.
Ageing experiments
A red wine from Castelão grape variety (Palmela DO), 2014 vintage, was aged in stainless steel vats (34,000 L) with wood staves, in triplicate. French oak (Quercus sessiliflora Salisb.) staves, with medium plus toasting level (<200
• C), in dimensions of 91 cm (length) × 6.4 cm (width) × 0.95 cm (thickness) were used, one oak stave per 40 L of wine. Micro-oxygenation was applied with the amount of 3 mg/L per month. Storing temperature of the tanks was 18
• C. The experiment was carried out with one control vat without oak staves.
The wines were sampled after 30, 60 and 90 days of ageing (a total of 16 samples) and evaluated in terms of general analysis, total polysaccharides, total anthocyanins, total phenols index, multi-elemental composition and 87 Sr/ 86 Sr isotopic ratio.
Analytical determinations
Physical-chemical characterization
Alcoholic strength, total acidity, volatile acidity, tartaric acid, malic acid, lactic acid, total dry matter, ash, density, pH, total sulphur dioxide, reducing substances, colour intensity and tonality, were determined according to OIV analysis methods [16] , in the samples from ageing experiments. Due to the low sample volume available for analysis, wine NF streams (initial feed, final feed and permeate) were analysed for the before referred analytical parameters by Fourier Transform Infrared (FTIR) technique using a Foss WineScan FT 120 equipment.
Total polysaccharides were assessed through phenolsulfuric method (colorimetric method), after the separation of polysaccharides by ethanol. Total anthocyanins and total phenols index determinations were carried out as described by Somers and Evans [17] .
Multi-elemental analysis
Thirty-six minor and trace elements were measured by quadrupole inductively coupled plasma mass spectrometry (Q-ICP-MS) semi-quantitative methodology according to the protocol described by Catarino et al. [18] .
A Perkin-Elmer SCIEX Elan 9000 Q-ICP-MS apparatus, equipped with a peristaltic sample delivery pump with four channels model Gilson, a Scott-type spray chamber made of Ryton, a crossflow nebulizer, nickel cones and an autosampler Perkin-Elmer AS-93 Plus, protected by a laminar-flow-chamber clean room class 100 was used. The system was controlled by software Elan -6100Windows NT (Version 2.4).
Major mineral elements (Na, K, Ca, Fe) were determined in wines from ageing experiments by Flame Atomic Absorption Spectrophotometry (FAAS) according to the methods described by OIV [16] .
2.3.3.
87 Sr/ 86 Sr isotopic ratio determination 87 Sr/ 86 Sr isotopic ratio determination by Q-ICP-MS was carried out according to protocol described by the authors [9] , using the Q-ICP-MS equipment previously described. Analytical calibration and stability control in 87 Sr/ 86 Sr isotopic ratio analysis were made with SrCO 3 (50 µg/L), prepared from certified reference material NIST SRM 987 (SrCO3).
Statistical analysis
Analysis of variance (ANOVA) was carried out to assess the effect of nanofiltration and wooden ageing on the 87 
Results and discussion
Nanofiltration of wines
Physical-chemical characteristics of NF streams
Physical-chemical characteristics of NF streams (initial feed, final feed and permeate) from a white wine and a red wine (WW Dão DO and RWÓbidos DO, as examples) are displayed in Table 1 . As expected, ethanol was preferentially permeated by membrane. Rejections to tartaric, malic, lactic and acetic wines were in general high. Regarding polysaccharides, a complete retention was verified. Results relatively to total phenols index and anthocyanins indicate a high rejection to phenolic compounds. It was observed the increase of colour intensity and tonality. For the majority of chemical compounds concentrations in final feed increased with NF treatment due to water and ethanol removal.
In general, rejections higher than 90% to mineral elements, including heavy metals, were observed. Concentrations in final feed were slightly higher than concentrations in initial feed, due to water and ethanol removal. Bearing in mind the several roles played by these elements in wine, this knowledge is of strategic importance in order to guarantee that NF process does not adversely affect product quality.
Rejection to Sr was mostly higher than 95%, suggesting that NF does not change the 87 Sr/ 86 Sr isotopic ratio. Table 2 shows the 87 Sr/ 86 Sr isotopic ratios of wine NF fractions. Strontium isotopic ratio in final feed was not significantly different from 87 Sr/ 86 Sr initial feed, revealing that no preferential permeation of any strontium isotopes occurred.
As expected, 87 Sr/ 86 Sr values were higher for DO Dão, characterized by granitic soils (older). Palmela andÓbidos DO, mainly characterized by sandy and clay soils, showed lower 87 Sr/ 86 Sr ratios. These results are in accordance with previous research of the authors involving soils from these DO [9] . The highest 87 Sr/ 86 Sr values were found in soils from Dão, pointing out a relation between soils and wines. For the rest of the elements, despite no significant effect of wood treatment was observed, metals concentrations tend to be higher in the wine treated with oak wood staves. Additional results and comprehensive discussion concerning this research are being prepared for publication.
